
RD-R146 690 FLUID LAYER BETWEEN INFINITE ELASTIC PLATES 11
DISTRIBUTION OF POWER FLOW(U) ADMIRALTY MARINE
TECHNOLOGY ESTABLISHMENT TEDDINGTON (ENGLAND NL

UNCLASSIFIED J H JAMES MAR 84 AMTE(N)TM84058 F/G 20/4 NEm7hmhh



JILL8

__ 11.6

'OPY RESOLUTION TEST CHART



I I7

-1. -1

IiI0o A,

EL' aa-.ra~r.
S ~~ ~ ~ ~ 6 ij~~lgj5 *a

C UD

AW 170pa

*OWL ;4*T k" , 
s. 41



UNLIMITED ~
AMTE(N)Tm84o58 I

Accession For
NTIS GRA&Ij~

FLUID LAYER BETWEEN INFINITE ELASTIC PLATES DTIC TAB
II. DISTRIBUTION OF POWER FUNW Unannounced

Justification

BYBy._________

Distribution/

J.H ~AvailabilityCodes
Avail and/or

Dist Special

Formlaeare ive whch, ogeherwithforula conaind i

ILL

199

Formulae~~~~~~~~~~~ arie h ,tgte wt omlecnandi



UNLI1 MiTED
S

k previous report Ell has given the formulas necessary for Oval-
usting thecapresthee and displacements, due to line-force and
line-source excitation, of a system which comprises of two identical
steel plates separated by a layer of fluid. Plots of intensity vectors,
In a 20cm layer of water bounded by le steel plates, showed significant

inerhag of energy between the fluid and the driven plate when the
excitation was a line-force, but not when the axcitation was a source.
One of the recomndations of the report wasn that the distribution of the
power flow between plates and fluid should be evaluated as a function of
the horizontal distance froat the excitation. This is the main aim of
the present report.

The motivation behind this suite of reports is the need to under-
sadthe physics of the interchange of energy between a pipe's wall and

its contained fluid. Jame E2] gives intensity vector plots Which show
this effect in a steel pipe containing water,* and Fuller (3] gives smm'
formulae which enable the distribution of power flow between the pipe's
wall and the fluid to be calculated, at large distances from the source.
The distribution of power varies with distance due to the non.-orthogonality
of the system modes over the fluid'*s cross-section.* At large distances.

lb from the source, it is the interaction of predominantly ' fluid' moes with
predominantly -elastic-* modes which Is responsible for the interchange of
energy, While close to the source, interaction among evanescent wave-fields
may cause intense energy circulation between the fluid and wall.

2. * WTYICS OF PmOBiMi

%Te pressure and displacements of the system shown in Figure 1 are
represented by the Fourier integrals

V1(x) V(a

I .(1/2 1r) J (2 x ~ c c d 1

P(x, 2) ra o )

W(X,%) ;x a (a)

in which V1(K) and W200) are the displacements of the upper and lower plates i.
respectively, p(x,s) is the acoustic pressure in the fluid layer; Vat(s)
is the horizontal acoustic particle displacement. The tm-amnc factor,
eap( -ivt), is omitted throu0Omt. Pormulae -for the transform w1l(a) etc.*
are given elsewhere (1).

With reference to Figure 13, which ohms a sign convention for the
positive directions of Shar forces and imometst the power per wait length
flowing in the positive xL-dtrect o of each plate is the su of the two



and (/)el(~)-U x/x (2)

P 3(X) -(l/2)UeaMl-S(X)U (X)] *

in each plate. PM( X) and PS( K) &re the poestransmitted by the bending
somnto and shearing forces, respect ive ly; W( xis the normal velocity of
the plate, -iWV(x)s and the symbol * denotes complex conjugate. The
bending sment and the shearing stream per unit length are simply

K(x) - D. d 2W(x )/dx
and 333

3(3)
S(x) - -D. d V(x)/dx

where D is the plate 1s f lexural rigidity. The following Fourier integrals
are obtained from equations (1) and (3) *

1(x) 40 (U)
dV( x)/dxr a()

K~) -(I/2f) 2r exp< iox)da (4)

-. 3-5(x) i W 1(a)

* The poer flow per unit length in the fluid, in the positive x-
direction, is the integral of the horizontal component of the acoustic
intensity over the fluid's cross-section. it is

P F(x) -(1/2) J RealEPMx z)V (x, z) Ids 5

0

In the case of line-force excitation, 12 8(x), a check on the

numerical results is possible by use of the formula

PN()43 (X)+PM2(X)+PS2 (X)+PP(X) -(l/4)Real( 2 W2 (O)j 6

which is only valid close to x-0, because dissipation is included in the
system. Equation (6) reflects the fact that the input power of the line-
force excited plate flows equally in the positive and negative directions.

3. IIMGIMI

The Fourier integrals of equation (4), with upper limits of integ-
ration set to approximately twice the highest free-wavenmer at thWs
selected frequency, were evaluated by a simple adpie Gaussian quadrature
schem. Because the integrals must be evaluated in the principal value0
sense, it to necessary to introduce damping into the system via a complex
Young's modulusEli), and a complex sound velocity, c( l-i1nf). The
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integral in equation (5) was evaluated by Simpson'8 rule, from the 21

values of p(xz) and Wx(x,z) that were obtained at each of 60 horizontal
x-stations. At x-0, the power transmitted by the shearing force, S(x),
cannot be evaluated numerically, but evaluation proceeds with increasing
accuracy as x increases; the power transmitted by the bending moent is-A

zero by virtue of dW/dx vanishing; and, the acoustic power flow must be
zero because Wx vanishes. Subject to the accuracy of the computations,
the consistency test of equation (6) was satisfied by the numerical results
shown herein. The following constants in SI units were used to obtain , .A
Figures 2-5 1

to
E-19.5X10 )-0.29 ps-7700.0 h-0.01

p-1000.0 c-1500.0 3-0.20 zO0H/3

The dispersion plots of the dissipation-free system are shown in
Figure 2. The near identical branches labelled 1 and 2 are symmetric and
antisymmetric 'plate, waves whose energy is mostly confined to the plates,
their group velocity being approximately twice their phase velocity. The
branches labelled 3-5 are predominantly 'fluid' waves in which the phase
and group velocites at cut-on are infinity and zero, respectively.

In Figures 3-S the percentages of the total power flow, in the
positive x-direction, contained in the plates and fluid is given as a
function of distance from the exitation, ower in not conserved because
of finite values of the loss-factors, but the attenuation is small -
in fact, not more than IdB in the range x-O.*4 to 0. ft. The power in the
top plate is very small compared with the power in the bottom plate, as

*: can be inferred from the intensity vector plots [1].
• . ,,- ,

The power flow due to a line-force exitation is shown in Figures . .- '.

3 and 4. At IkHz the individual power flows settle down to constant values
due to the absence of 'fluid' waves, the power in the fluid being less than
10% of the total. At 4, 7 and 10kHz the power levels away from the source
oscillate considerably due to interaction between 'plate* waves (1,2) whose,'
wavelengths are almost equal, and 'fluid' waves (3,4,s) of differing wave-
lengths. At 4kfz the power levels oscillate almost sinusoidally because . .

there is only a single 'fluid' wave, the level in the fluid ranging from a .-
minimum of 10% to a maximum of 30%; at 7kHz the presence of two 'fluid'
waves causes complex beating in which the level varies from 15% to 45%;
and, at lokhz, where three 'fluid' waves have cut-on, the power in the 7.
fluid ranges from 15% to 50%. In the aforementioned plots, both the fluid
and plate power flows are positive everywhere. However, the high-amplitude
evanescent wave-fields near to cut-on frequencies soatimes superpose local ;.
circulatory energy flows between fluid and plate which result in net local
power flows in the fluid which may be negative. Some plots obtained at
2 and Skiz, but not included here, show this effect. .*.-*,,.

Intense circulating energy flows between plates and fluid have been

illustrated elsewhere [1] in a plot of intensity vectors due to a line-
source excitation at IkHRz. The power flow is shown in the top of igure 5.
The local power flow in the fluid ranges from flow in the negative direction
of 1*0% to flow in the positive direction of 66%, while the power in the
plate ranges from 280% to 34% of the net power flow. At distances greater
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thin 0.53 frca the 50A310S, the levels have settled GOnt to the saeconstant
percentages ms were cbtainsd fromu ne-force eacitation. Akt fren ies Of
4, 7 and 153, the power Ina the plates due to line-source emoitation 1A

fogy XMu,1 hence, only the plot at 4kffx is shown, in the lower half of
Figuze S.

4. gjULjJM

furenle. have been given Which enable numri.cal evaluation of the
separate power flow In the plates and fluid. plote of power flow have
been presented for the cas of a 20Cm layer of water bounded by I=m steel
plates. Wwhy add quantitative information to the qualitative inforMation
contained in the Intensity vector plots given elsewhere, [I. When the
eiwitation Is a line-force the plots (a) show that most of the power flow
resides In the plates ; (b) help to confirm that the energy intedhange
Is caused by an interaction between 'plate' and 'fluid,* waves (C) show
that7Aner interchange vmy be significant - up to 35% of the total at
l~kMi * Whe the excitation is a line-source, the plots (a) show negative
power flow close to the source, due to Intense circulating energy flow
caused byr Interaction -m N evanescent wavess (b) show negligible power
in the plates when @fluid,* waves have cut-on.

Future reports Will extend the range Of Material and gemtric con-
stants, and, in particular will (a) show plots at frequencies close to
the cut-on frequencies Of ' fluid' waves and (b) investigate energy Inter-
chtange when the distinction between fluid and plate waves is less claw.
aso to be Investigated is the effect of line-constraints.

J.E. Jams (P9O)
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FIG.3 % OF NET POWER FLOW IN POSITIVE X-DIRECTION
FORCE EXCITATION. lkHs AND 4kbz
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FIG.4 %o OF NET POWER FLOW IN POSITIVE X-DIRECTION
FORCE EXCITATION. 7ldiZ AND 10kHz
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